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SUMMARY

7'he abilit!l of molecular ox!IgCI+ to (II_,_o_'6 light fie,

the _'ch, umann-lful_ffc ultravbd+! rqliOa qf the

,_peetrl_m bus ber;_ u._+d to j'.llolv tk_ cha_ge in

concet+tralion of m.l+cuhu" u.r?lgCt_ .,s. a futw[[.#_ of

lime behind shock u,av_,_" it_ .,r?lycl{ a_M i_ a mi,rhu'e

+!f l O-t)erce#d oxy(p l_ _ arg(m.

xtnalg,_'i,_ qf the rrc_,'dx obtaim'd yDIdrd valucx for

the di._',_'ociatio_ rat_' of o.r?Igm_ a,v a fllllCl[Ot¢ of

temperature .err lit{ r+tl+gc /s,O00 ° I, I0,000 ° K.

The hh.lh+_,_tprrviou++l?t rclmrb'd txlnri,l+ldal rrsults

in lh,e literature w_v++_al 7",50H ° If. 73_ r#,_'ull.v are

e_'prr,_'sed in the (.rttl qf ,_'tra;ght-lh_c Arrhrtliu,v

plots which were fithd I. It. _ dat(_ l.I u.G_g a b'a,_'t-

xquarrs crilrrio_. +lgrr_,mr_d qf tDr mag_ilude of

the mra,_urrd di,_',sociati._ rahx witD +,rlwrim+_lta[

ratex .from the litrralurr L." xati,_lhch,rff, but the

obxerrrd h.ml)rrahH+c d_p+;M,m'r ;x c._,4&rabh, i

weaker than tDal prrdichd b?l (hr u,_ual lD,ur+tical

lreaDnc It tu.

INTRO1)UCTION

The dissociation ratv of moh,<'ular oxyge, is an

important parameter in the study of the flow of

high-temperature uir. Xlany theoretical t.sti-

mates of this rate }lnve aI)p(mred in the literature.

.X[ost of these, such ns in ref(,ren('(,s 1 to 4, were.

introduced only in('identall3, t)e(muse they were

m,(,tled for the work al hm.l. but. few p,pt,rs.

such as references 5 to 7, hart' al)t)eared vrhieh

WtH'P chiefly (x)tm(.rttt.d with the th(,or(,tical evalu-

ation of tiffs ntie. I1 is (wi(h,nl, rrom treatments

of the general theory of roat4ion rates (l'ov exnmph,,

ref. S) that tht'oreli++alh , <h'l'ivt'd fairs are tlsel'ul

ns a guide })ul llmt (.Xl)eritl)enl.1 deter,)iimliim)s

tnttst l)t, tnadt, ultimately.

This r(,porl is ,r+otw(,rit<,(l witli (,Xl)(wim<,tttal

Jilt,ilsurt'lnl']lts o[ t}ll' (.)e <}iss<)<'inlion rnt(' h('hiiM

strong shock waves ht oxygen and in tt mixture

of 10-pereo+lt oxygen in argon. The changing

concentration of oxygen molecules at tt given

i)oi)lt, in a shock t ttl)e was (h.t(,rnfitt(,d })y using an

ultraviolet +lbsol+piion method developed inde-

pendently I)y the National Aerotmuli_'s and Sl),tee

Administration (rvfs. !t and 10) and by Aw:o-

Everett Resenrrh lmboratory (i'd's. 11 to 13).

.lm strong continuum nl)sol't)lion of ()a in the

spectral range 1,300 to 1,750 angslrom units was

used to mensure ()_ concentratiot_ as a function of

time aml the t(,tnpel'atttr(+ an(t density of the hot,

gas sample were ('alculate<l froni tim measured

speed of tit(' sho(,l< wttve.

Experittwntally measured oxygen dissociation

rates }lave also been reporte<l ill the literature.

Reference 13 used tim ultraviolet absorption

uleihod, t{(,fer(,n(ws 14 and 15 based their

results ()It iiiterl'eronmtric iiiOasln'lunonl Of the

(:hilnge in gas density protlu(_ott by dissociation.

Ref(,ren('e 16 folhiwed lhe (!}lltllgP in gas density

but used lho absorption of soft, X-rilys in xeliOll

(which was added its it I{l'ill'lq" gttS) insleil, d of ittl
intorferonieter. Reference 17 used the detach-

lliont, distance of iho bow struck wave on spheres

nioving tit. tiigh velocity througli oxygon.

The ultraviolet ll})sorption nielhod is to it certain

oxlelil li nlore salisrying nl)prolioh than the ol.he.rs

t)(,(,iitlSO lho l'ecords ol)litined depend directly Oli

t tie coneenli'liiion of ox}'geil iiioh!cnh)._ l)resoii{, ill

tlie lest sltnipie. 11 sliouhl I)e pointed out,

howevl!r, (hnl the ()e t'oli(!elitrii[i(tll i,_ a fUliO{ion

of <,'is density as well +is of llie th,g'ree of dissoeia-

lion and thai tho itniounl o[ light lll)sorl)o(| by

it given eOll<+elilrtllioti is deierntine¢l by t,he tom-

i)eraluce-(h+pl,n(hml+ iibsorlilion ('<)ellieienl. A si-

nluilaneous use lif ilw ullraviohq lll)sorpt.ion

nie/hod wilh eiiht,r iht, iillerforonletric or the
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X-ray al_sorl>ti_m nwthod apl)onrs to lu' dl'sirnbh'.
llowover, these lnetllo<ls llavo I,ol [_t,vn ,otubiiwd.

SYM B()I,S

,1 prt'-exponett{ia} let'tit in [he :"tvl"hotlius

equation

1). (]isso('iation en(,rg,,, vnl,,"nlole

I/,! ] eIl'et'livo disso<'ialion enorg.y, c tl,,'nlole

,,/ (]istam'o l)at'ticle Irnvels to rtmch ttl>serva-

ti()li l)oint, t'Hl

r]' tlislat+I'_' t>[' sltud< way<' l'rollt ()l)StTvtlli<ql

point, ,:'Ill

./,,.f, /'u,l<'t lolls

g iHoh'-fcactiun oJ' oxygen in _'+ls Inixiut'e
tmforo dissueinlioll oxy+goli, (1=: 1.tIIR):

t/x%-_t'li-lil'_'Oll, g (i.1()07)

,l iilteilsilv of ll'allSlllitted liL,'ht, l'l'7...'(qlle-SOt '

,1<, inli'nsilv ot + in<'i_h'nt Iig'lii, I'l'_/(!lll"-S/"(t

tq<. eqtlllillritlni C()llS[illil [)_is(,<[ till /'Oll('Oltll'a-

t ittli, tiloiol.'tllt'S/(+ttt :/

lX'p <'quilil)t'iuni <'()llStilll{ })itso(l till pai'liit] pl't'_-

S111'(L-.I_ itllll

lc,, disso_'intioil i'ittP {'OliStillll., ('ll/a/lilOlt'l'illt.!-soc

/¢r t'Octilili)illatl iON t'tite ('OllSititll, <'inl+,/tn<)h'('uh '+-

/ nilsorl)lioii-l)nti; huigtll, ,r,lii

,lit shock Xlnch Iltlllillt't'

.'_," ,;#tVO_itlfr{)'S llllllll)l'i', (l.(i2_); 1(_ 2'l lii<)leCtllt,s.'

lllOl{,

p l)rl,ssure, ;itlll o1' iiiiii llg.

/_ Uliiversnl 7'ns vOll:-qnlit, NT.I)D ('in:_-lilili/inolo -

°l_.olvhi <)r 1.9S7 cal/inoh,-°l{(qvin

7' [ elilpt'ral tli'O, ° I{t'lvin

I lmrlicle tinio, tnicrl/seeond

l' hihorliioi'v liliie, iliiCl'OSocond

r ]llii'ti<'lt' vdocily, ('Ili./SP(t

+*' volocil v of shock wave, f'lll/SO(:

X tllltll llUl,lt>l,r o1' I,iolocuh's an_l ititltilS pros-

olll in teslhig' nit,diuni

ee dOgl'OO oi' _lisso<'intion

ItllsOt'liti()li otn,llicionl, ('Ill i

(

_'>(1 t o_), nlolol'uh,s/cni:' (o! I. !11})

,ul iliO|l,vular weiT'}ll of unlliss(wialt'd

7,,'iiio]o

p <,'nq delisil v. _" I+lll ;_

p l't'(itt<!t't] <"ilS tlt'llSilx, 4_.I- <*)ip p,)

<_ tlonsitv i'Itlio, p._,/pi

rl, <]isso('ilitilm I'l'lltXtlliOll half lilne, Ilti(q'o-

stq'Olid

rl, vii)ration relaxation half tinlv, niici'osevond

I I {.ollcpilll'illiOll, illO]OlHlh,s;Plil :l

Sul)sci'il)l s:

1 condition.-; hi fl'ont of shock wlive

2 eont]ilions ltehhtd lilt' sliclck wave

x <'-;tltiidi/l'(I condilions for tOllll)el'atllr(, and

|)l'PS.qll 1'1_

ICXPFIIIMI+]NTAI, I)I.]TERMINATION ()F I)ISSO('IA-

TION RATE

DESCRIPTION OF EXPI++'RIMI*]N'rAL WORK

The light soui'ces, tnotl/ichi'liinatoi" shock tube,

iinll tllhl,r i'elttlt'd (,qliil)lnenl tlSe_[ iii this investi-

_itlion [lltVt + t)l'('il deset'ilwd [11 tlt'ta[[ in I't'f't'l'Oll('O:.4

Ill iilld 1£; till|\ it ShOl't dOSel'il)lion is 7iron h(,i'o.

FlT'm'+' 1 s,ilous ,'l s+'llottl_tli+' di:i_'r_ttil oJ' tile oxperi-

liil,iilitl eqtliliiiitqil.

'l'he dissociation-rate liiOllsllreliieillS Wel'O illitde

in it _lt)tilllt_ dilil)hriigni shock lul:le wilh (,illi(!l"

ox3_'ell t)l' ii inixl tll'O of l()-pert!enl ox3+_>t,li ill lil'_Oii

its ltte lest 7ns. l/Iti'slili 7 the initin diliphi'ttgiii

with <qtlier hig'h-prl,ssurl' hydrogen or heliuni pro-

dticod il shock wave thlil <'oiii[)t't,ssed and heated

ilio }:ltltl'/,i + gas, }lO]illllt, ill the s(,<!Olld <'hitlllltot'.

This higiJ-lliltil)?l'iillll'(! iill(] hJTli-lil'l,SSlll't, t)lll]'l,i'

<,',is but'sl n Slilnllt'r st,cc, iitl dii/i:,hi'agin to lirothi('e

it shock wtiv<, iit lift' l-in<'h ('htililit,] ',vht,rt, tilt,

lesl gas wlis lociitetl.

('Oliilli(,i'<'ilil-7'i'iilh, oxv_pli liiid til'7Oli wei'o used

ill all of l}ie lt,sts. Thv ox3+_Oll i'OlllOlll o[' lhe

10-1)or('elit iuixlure wil:.4 deterniined t)v '"ilSlli_ ti

sl_iiidni'd pyrog, llol I_i'ocl,dure lil,:o 1}llll deseribl'd

detector

L light source

l_._] - Light

Condenser trigger
benk

Shock i
Pube "- ....

Shock-wove

Counter

---I I

- - l Gra_.t_ng

Shock wove

S(']l<,nl:llic di:t_i':tin (if t'qUill,lit'lil.}gl(;l I(t'; 1.
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)i reference 19. Tiffs was (l(>)i(. before any tes_

'uns were nlade and was rel)eale(l after all (he
'tins hull been eontl)Med. The result w.s I0.07-2

).I0 I)(,r('e)n oxyg(,n. The test gas was passed
:hrough . drying agent .t high l)r('ssure l)efore

,very l'Ul_ lo relnove any wah,r vapor prese))t.

,>%_()on(i))uous pt)rgit)_ system was used (o insure

the I)urity i)f the gas ._ainst .nv air h.lks in (he
<'hatmel of the shock (,ube.

The I)ressuve of (he gas in the ('h.mM wa_

measured with an Alph.tron vaemm_ gage an<l

two dim ,..,,.'i<.,'<_,.>...All the gages were ('alibr.)(.(l l)y
using. Xh:l_eo(I gag(' as lhe standard. The initial

tenq)eralure of the lest _Zas was measured l)efor(,

eac]> run })y tl)e use of a meruury-il)-_lass tl)ev-

nmnleter mounted near tile shoek tube.

']'he test, se('l{on was ]o('a(ed 14 feet from the

second diaphragm t<) ilisur(, <.)ml)h,(e ]'orillation ()f

the shock wave and 3 feel from the end of the

shock tube to prevent any shock reflections fronl

interh?vin_ with Ill<, tests. Two removable will-

dew hohlers with tifin disks oi' liiiliunl Ih]ori(h,

('emented to the ends w(,re used as (esl-seelio))

windows. The slit openings were I )nillinu,((,r

wi(le an<l :_ t.illi)net(,rs high, l)ositio)led so lhat

tlm light, b(,am i)'_iverse(l Ill(, shock lul)(_ at )'i_)li

.Ngles (o th(' Irow. 'r)., op(i(ml l)a(h length in

the test se('liml was 1.0 in<'}i.

lo))-_ap-typ(, v<,lo(,itv stations loea((,d 5 i).'he_
in front of an(l 5 imqws l)('hind tlt(, test s(,ctiotl

wet(. us(,d 1o det(,rmin(, the velo('itv of lit(, sheet<

wave it) (he ((,st se<+(io)i. _i_mils h'om the ion-

_up (h'l(,('tors Iri_gere(l type :.71)21 thyralrons.

The pulses l'rolu lh(,s,, were fell (o _i Be)'k(,h, 3-

<'<)urlt<,v (o ril(,asuve (he transit (inle oF tile _ho<'k

way(, b(,lw(,(m th(, two stations and w('r(, also ns(,(l

to trig'g(')' ())e li<.zhi s()lir('(, aim tlm os('ilh>s.(,p(.

SWeO[).

Tile ultraviolet light used in the experimeilt was

obtai))('d )>v (lischa)'ging)i l)llnk of <'oils .t.) cot)-

(h,ns(,rs arranged to provide a pu|se of' light for a

duraliot_ of 10(l mierose('onds. The <lisvl)_n'_e look
pla<'(, it) a n.vrou-boce quariz lul)e vot)(,iuin_

fh>wing hydrog(,n g.s. [,i_llt from the sour('(,

pas_ed through tlw lest set.lion p(,)'p(m(livlilar 1o

(h(' flow in th(, shock tNb(,. The _ra(inl.t" mon()-

('hroniator pernlilte(l only a mtrrow t'an_e (:::_ll

_))_st)'om units) of th(, lihravioh,t Sl)e<qrtml it> 5dl

()n a l)u.Xlon( Type ti2,<)2 l)hOtomuhiplier (ut)e

which had been s(,nsiliz(,d rot ultraviolet, light 1)v

,'oali)i_' il wit)l s()di)Iz)l s,li('.viat('. The opti<'.l

path from (he (,xi( win(h)u ill t/i() shook tube to

the [)holotnttltiplii'r tube ,,vus l+.:(,pi ewtetm(ed (<)

l)r('vei+t :ttx\ + t]lillt,('t':;s+it'v al)sorl)tion of )+llra-

violet light. The Otdl)tit l'roii) the l)hot<)nntlti -

plier tube was f('d to a Tektronix tyl)e 545 os('ilh)-

s(!oFl(' lili(I was r(,i'orih,d I)v ii ])oliiroid ]mn(t

('alll(,l'll. The vis(' tint(! ()t' (h(, (,l('('ii'oiii('s was of

lh(, Ol'del' ()i' J,!_llli('l'tist,(+()ii(t.

Figur(_ 2 shows four l>l)i+'+)l r(,(.or(Is ()l)iaiii(,(l.

The traces tnarkeil "Viictlttin" show the inlt,nsitv

of the iiTiit ol)tain(,d with iipl)roxililall.,lx_ ] llii(,l'()ii

()t' 1)r(..ssiir(_ in ilie shook lilt)(,; the tl'il<'l,s lilill'ic+,(l

"Initiiil pressure" show the hll(,nsitv ol)llihl(,(t

vcilh lhe losl <,..,()'as,Ill a I)i'e_sitre ]h; itild lh(, lt'li('e_

iii_lrke(1 '<J{('('or(l" w(+i'(, <)l)iain(,d for (it(, i'liiis.

The vll|ues of ])i for the (lx.vTell I(,si_ wer(, usliaily

()It the or(ier of 0.5 liilii It_, Witel'eliS for tlw ()xy_eli-

ill-lirgon lesis (lie hiiiili] i)l'essur(,s w(,i'e (ill the

order of 4.0 Ilitil Ill. On SOllle 0[' tile pll(.ilogriiph_

el "8enti(,re(l li<_ii(" ti'illr,(' WilS ol)lllined. ]_)("eliliSO

(he oxyl._en l)i'(,seni in air itt nllnosl)hei'i(' 1)t'('SStll'e

al)soi'i)s ullravioh, l ligtii (.otnl)lel(,l.v in lhe range

of tim lesl wiiv(,i(,ligl its use(I, I })o ilioiloohl'()llial or

wii,_ o[)ene(I 1o (tte ain_()si)h(,re so lhal (tie ninoutil

()t' s(mllel'(,(l liTlll 7('tiitig lln'oug'h lhe lilOli()-

('}li',olii+itov ('olihl b(, (l(,t(,rnlim,(i.

IIATA AN AI,lNlS

Figure 3 is +l (h'avcilig" wlii('h )'(,I)r(,s(,iils il l.vl)ivlli

os('illos('()l)e l'e('Ol'(i fol' Ii ((,..-41 ill ox.vg'(,ll. The lint,

at the t)()ttoin (if th(, iIillg'rani sli()w_ n sitig'h' swe(,p

wiih ill(, lilir+lvh)]el ialil I) llil')l(,(l off _ili<] i"OITi'-

Sl)on(ls lo (!()llll)lel(_ tll)sort)(ioil (if tile ])(,lilll with

the lit, ill|) oil. The I)l'Ol,;.('II line is tit(' ll'a(+e lhnl

wollhl lii)t)(,lir it' tie ai)s<)l'li(ioli ()('('lli'i'(,(I hi (h(, it,st

si,(.lion. Th(, solhl line i_ the ll'll('o al l)i'('_llr(' Pi

thlll is 1riT'gei'(,(I I)v the sln)(q,; Why(' lls it lll)t)r(ill('ht's

ilia' i<,s( so<'lh)n. 'I'll(, (lis('ontinllity in this tl'a<'e

in(lieill('s the lirriva[ (if the shovl,:, wllv(, hi Ih(' l(.,_i

s('('lioli liil(i is ('hi('flv thie (o lti(' slid(it'll hll'relisl'

in ih(' _llS (lensiiv _l('l'liss (he silovk fc()lit. At'loc

Ibis junit) _ lhere is n 7i'lidual <'tiltnTe whh'h is (lilt'

Io ii (_<)))ll)inlilii)n of lhl'ee (,tt'(,vls:

Cl) B(,eiiu._(, of diss()+'iliti(in, (tie v()ii('(,iili"iili(in

()P oxv_eli liiOle(+lih,s is <h,('ron_iti_

(2) 'Hie ]()wt+rin 7 of tim (,<tililil))'in))) vit)rli-

lionlll ((,inperaiur(, whh'h a('(x)ni[)alti('s

lhc- (l{s_o('iillion all'('('ls fin' vllhl(' of

lhe _it>sorl)lh)n (,(>(,tti('i(,))l +)f ii)()h,vli]+lr

i)x$_(,ll

(;_,) Th(, _'iis d(,iisii v hi<'reas(,s ils ilisst)('iath)n

l)CO<'<,('ds,
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T I : 296.0 ° K; Pl : 0.768 mm Hg; 7 I : 296,5 ° K; Pl : 0.635 mm Hg;

M h-- 10.55; 7-2 = 4,985 ° K M I = 9.68_ 72= 4,477 ° K

1
c-

c-
i,-I

Scattered

light

Record

!

Initial

pressure

Vacuum

T

Scattered

light

Record

Initial

pressure

Vacuum

Time -----

---{ F,Omicroseconds

Oxygen

Time

----_ }----IOmicroseconds

7-_ = 299.0 ° K i Pl = 5.205 mm Hg;

M_ = 9.11; 72= 7,276 ° K

7 t : 298.0 ° K; Pl : 4.955 mm Hg;

M I= 8.55; T2 = 6,159 ° K

¢-

Record

Initial

pressure

Vacuum

¢-

2
r-

Record

Initial

pressure

Vacuum

Time _ Time

--'-{ }--- 5microseconds --_ }--'-- 5 microseconds

IO-percenf oxygen in argon

lqGtTI(r: 2. -Tyl)i_:al sh(mk-tul_(_ record>, The wavelength used was 1,550 a_l_Stl'(_tll l.tni|s.
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,f___....... _ ---.. _" JNo absorption

]} t r
/ J2 ""10 2 dissociotion

///

Zero ultraviolet slqnat ""

Time

VIGUllE _'_. [)i:l_l';tllI ilhlstr:ttin_ llll!,'tSllI'(qllOlltS lllttC]l! Oil

I'(?(!oI'(l, < +

The rise in the lransmilled intensity toward tim
cl.lof the recordin<licntesll.,=u'rivalof the [tufter

ga_ und thus tilt, end of tlw ohservntion of tilt'

effect oft[is._ociation. The time belween the pus-
Stlu'e c,f lh(, :'r;}lOCl':.I'rolll :lilt] lhe ('Oll{_l('| SIlI'fH(+(' V',qtS

observed Io in, considerably dmvter th:m llml

established hy shnp|e shock-lube theory. Refer-

t,nce20 shows Ihat, this is an effectto In,expected

in snmll-diamcter shud,: tuln,_ opernted at lov<
inilinl pressures. This n,ferel,'ealso indicn(es

that tilt, lt,xnl)ern|ttre and dengity of lhe flow in
the region ht'tween lhe shock front und conta<'I

svrfnee may alsu deviate f]'()tll that predicted by
simple sl_ock-tul)e tlworv. No correciiotts were

uF.plied for this in c+dculatit)_ the dl,nsilv rat|c,

nnd temperature I,ehit)d ilte s}md,: frotlt. The

use of the <)x.v_en-it>+irg<m mixlure Mhmcd lt'sts

it, he rull at higher in|tiM pressures st+)that longer
lesling' limes cmlhl bt, o[>lahwd.

JI

The Ptlllnii°n ,L, =¢:-q,_t ret)rest,nts 1]m light

]nlt,nsitv ratio }ml'(:.re the Sll<wl,,: wave pass,e<] tlm

ies, t section nnd tht, equation 'l,
j._.--_ -,+_a* repre-

s<,nt: the ]i,..t,'ht intensity t'ttti,o :if'lt,l' I]te p'tssng0 of

the shuck way('. The ,:itt+tntity _) :(.q a')o/'o,,, is
<'all(ql the reduced gas Ill'It+it',,-;Ill({ is ittt1:,"Jdu('('d

for convenience. Note that "0+=(1o+ qnd thai
P+

wilh dist+mct,behind the sho+.kfront. Since the

intettsiU+or tilt,livhtlhtsheswits_of reprodlwi],h,,

the two inh,nsilvrath) equations were combined

into the folhm+in,:<,qualion,which does nor in-

,:huh' ,1,,.

..,-",/, +

Act'ording lo reference 2, tilt' state of 'l gas

which is dissociaiiug behitM a shock wave tun be

('nlculaled as a function of the degree c,f dissocin-
tion a ew,n though lhe rnte of dissociation is

Itnknov+,ll. "|'heir experintenl:d nmasurt,]nents of

the gas properties as functions of time behind the
shock front Chit |)t '+ ntatched to the cnh+ulaled

l)roperI iest o dot Ol'tll]llO t lie unl,:nown l'tlt tt COlW,t.tlnl.

This procedure was followed. The density ratio o-

and tilt, a|)sorltlion coetlicient e were calculated as

l'tmcI[ons of the degree of dissociation oe ,utd were

used in equation (1) to determhte theoretical

J+_/,l_ ratios ns fun('tic, ns of c+. Experintetltally
deterntiued ralios of J:/,l_ as functious of linte were

then used It) t,stnlllish the z'elMion between degree

of dissot'iati(m nnd time which is nt,t't, ssar 3' for the

]'nte analysis.

Fro" this analysis moh,cuhtr oxygen wns assmned

to l)e the <rely t't)tnF.oneIfl, which absorl)ed the

ultraviolet wavt,letlg'ths tlst'd. \:nhles ()f + ItS ,'t

t'uncliotl of tenlperature for various v_avt,lenglhs
wet'(, t;tkt'n I'ront reference 10. The best-eslitnate

values listed there were use<l and it was nssutn(,d

l]tal :Ill the eh,clronic slales of ()'2 were excited

behind lhe shot'],: w+lvt,s h+ oxygt, n, and that only

lhc ground eh'<'Ironic stltl(' of 02 w;is ex<'iled

behind shock wnvt's in thp mixlure of oxygen in

ar_t)n. The lmssil>h, exisltmce of weak absorl>tion

of ullr+tvh)lt'l, light 1)3' high-lemper+llt_re ,n'_t)n

whi('}l was l>oinle<l oul in rt,fer(,+we, 10 was I'otmd to

]mvc a ,t,gligil>le effect on lhe rate analysis.
'I'o o}>tain t}lc' o- ,uml ?" vnltws needed in Ilm

analysis, +l gruphical solulion xwis made by using

the (,qtmtion of state _tllt| lit(' conservation eqtza-
tions_ its otttlin(,<l in reference 2. The results :ire

shown in figtwes 4 and 5 as functions of shock

M,lch ntmtber ]11_ and degree of dissocialion a.

Vibrutiottal <,qtd]ilMum was assutned for all these

results ,tnd no recor<ls were ;tnMyzed for which

vibration was not t)elit,vc<l to 1)e in equilil)ritnn.

(See I'd. 10 iu which the s:_me re<'ords were used

to study the temperahlre dependence of t.)
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The ett'ecl of ionization wns ne_h,ct{,d ilt val-

eulalhlg lh{' d,pnsitv Patio and teml:,{'Pature behhM

lht' shock fPonl since PefePence 91 shows lhnt

ionizatitm is m,gli,_ibh, in ()_ below 31.--20 and
m,l'erenee :22 estimales lhllt ionizuthm relaxnlion

times iu argOll fop pressul'eS on lh(, oPd{,P of ,'3 toni

llg: are gl'ealel' lhan 100 mh.rosecomls for lelllpprn-
tlll'eS I('SS lhall 10,00(1 ° K.

The dissochHiou provess I'm' moh,cuhH' oxygen
was assu]m'd to I)e lht' Pesllll o1' hhHoleculaP

collisions as follows:

k ,t

()eg X_(}i()*X
k,

W[WP{' X {'an I}e anv type {}t' nlom oP moh'('llh'

l)l'{'Selll. All types oi' vollision partlwrs were

assumt,d to hi, equally el|i('imH, ikul\ {litfi,rent'{,s

in eili&,ncy were {'xpect{,d lo show up in the ('Olll-

lmPison of llw Palos IIl{'aNlll'pd ill pill'{' OX.Vg'{'ll to

those measured in lh{, oxy_'en-in-argou mixlm'e.

The con,'en/Pal ions of Ill(' various {'Oml)On('llts of

ihe Kas mixttu'es t}l'eSeltt ill ally Of IIH' shoul,:-luln'

If'stY, Uall I}e exj)l'{*.4sed as t'ullmvs:

(_]' _NI,,ItT,1{):,} _(;/- _) )p, {;/ ¢_ i2)

o-]_r]) i

[()1 (2(_))• . (;, . o_, (2{_)IYI', {:_)

(,7) oX l',[Arl: {1-.qt , p., {I- .q) I?T, (4)

a .Vp,

l)itt'erenlialiol_ of equntiol_ {2) gives

,;1()=1 (,V 3f 4., ,1_,}df .... \Ul I L. (9- _* ¢11 --Pe dt {(i}

'l'h_, cuslomarv equali(m fop hifvmh,cul.r dis-
socb_tiott aml lhree-lmdv revo_t_t}itmlion =_{ con-

s{ItIll VOIIIIII{' is

-- 4/ <% -

By using Ptlunli{m (6), lhP ]{,fl-hnnd side of this

{'{luatioll c_Jl] 1:,o wrJllPH ns

- -U
dr

At e{tuilihrium lh{, f(}llowing relations hohl I}v
definition"

K ,{',, 1{)1: ,VK,,
"=:b,-[O.:] =: RT ('{})

By also assu,niug lhal k,,=KO(', fop nom,quilil}-

I'illttl ('otlditiolls, e{itl_ttions (7), (,R), and (9) can
t>{, {,omt}im,d and _olv{,d for /,'. as follows:

_" .... A {1(})

IV}l(q'('

t A'pI', / Vp v' ,/ 41'T, x '1A ot .... +.)X Ii ] 1 " 1_ t"

(1 I)

Th{, s{,<,ond t{,l'm {,n lh,, right-hand side of {,qua-
lioII (1 1) is (Jtl(' tO Pe('OHd}iimti(>t_ of atol|ts to fol'lll

(}.., and is m,glig'ihh, {,x{'{,1}l near {,quilil}rium. Th{,
disso{'inlion-ral{' {'{instants v,{,re d{,rived t'rom the

(htt_ by UsiHg {,{lualion (10).

lh'cause the gas ht'hin<l lhe shock w_tvt, is tlowiHg

ill the Sltlll{' dirt'{'tion as the slmcl,: [Pont, the

sample tlmhq' ol>sm'vation _tt a giv('n lilne is ('(m-

tinlmllv cha.n}Z'in_. Th{, Imrtich' I}{qng ot}s{,,'ved
was healed h_ilinlls hv the sho{'k wax't, sorer, dis-

tam't, d ahead {}t' the {d}s(,rx'ali(m t}oint amt is

Intveling' at a velocity v. \Vllen this l)aPli('h' is

_ut, lh(' observation point, the slm('],: wave, whid_
is traveling at a velocity r', is _t n dist_tm'e d'

bevoml 1,his poivll. B 3" nssumhlg {'()_mlnnl vdovi-

ties 1}H'oug}]oul (thai is, no shovk altenuation)

the obs¢,Pw,d ]nlmr_ltorv lime, whivh is; the (,lapsed

linw sin{';, lh{' sJ)ocl,: w_w' l}nss{,d lh{' ohs{'r,:nlion

wit]dmv, is giv{'n I}y lhe P{'lnli{}H

,t'

nnd lh{, l}]tPti{'h' lime, whi{'h is the ehtl}s{,(I liln(,

sim'e the pro'rich' xvlts heate{I I>v IlH' l}assag'{, of lhp
shoel_, wave, is

t d=d-+ d'
?, /J

_] _ ,]' t'r' i lc t�

['r' l(r' ¢)

/' P_ )/ 1' ,
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percent 02 in Ar

percent 0z in Ar {eq. (/41)

percent 0z in Ar {eq.{15}]

{eq. (13))
-end I-percent 0 2 in Ar

L 13)

(ref. 14]
(ref. 17)

,percent 02 in Ar [ref. 15)

--0 2 (ref, 15)

X I ', I I

3.0 3.5 4.0x I0 -4

I l i
) 3,333 2,858 2,50o

mined vahu's of lhe dis-

glm. Lilerai ure vnhws,

dtI'(3 lilies.

me of the exl}erinm,i-

mr than that reported

:orresponding to the

le Arrhep, ius e(illati{m

•e used to l'el}l'esent lhe

10-H

I0 q2

io-,5 //" ~

10-i6 { {
3,000 4,000 5,0

FIIiUl'dC g. The (lis._¢

l,iteralm'P valm,'% i

lines. All (): in

of At: for this r(,as

•tn(t (14) al/(t :tlso

ca,re(Itl)e dis{h,_,ti:-;

tnoh.cuh,I),,:117.{

simple Ar,'he,,h,se_

{' those fitted tht, darn

expressions in which

power I'unclion of T.
5) must he co,lside,'ed
ions of the measured

car tim given range of

The ell'el'live disso-

t)c calcuhttc{I from

5), u,l{I ape .s follows:

+

7.1.28 kc:,I m(d{'

(.) 7-1.t;6 kcal 'moh'

:) 102.gg kcal.'I1 oh:

,sare sm}dh,r than the

l energy of tit{, oxygen

is not nn adequa
obt,d,md.

Two v,l,ws of I)

in-a,'go,lmi×tu,'e[

in lhe SlOl}e in lhi
tlll'e.'.4 :is SIt(}Wll ill

valu{' {}f l),// is l{

oxygen-in-argon {:

used and the higl:

only the {Iala fr

slope of {he strai I

whioh em'respoml
f{}llows lhe Iron{

much heifer thai{

well with lhe 3loi:

in tigure 7 whic{:
]ln{l 15. Althou

did not report ;_

MI£ABUI{ICMENT,q {)F TIlE I)ISSII{'IATII)N I{.VI'E OF Mt)I,E{:I'LAII I)XY(;

,'gill{'{'

Pl 1'+ /'

If shock alte,}ualio,,is l)r,.s,.nl.

stillhoh{s in lit{.dilrere,tlial{'o,',n,

so that

dt :o'd/'

t_(t,) 2(t) ,:-: ,, ,_dl'

(l 2a)

(),:, equation

lob)

{12P}

Iit |VVOEquation (1()) was us{,(t to (hqeI'lnille _7,x

(titt'erent ways:

FiPsl. finite i,,crem{,n(s of c, nn{l [ were used It}

{,v_lhlato dG/?tt for use in e{lmHio_} (1{)). This

t}l'Oc{,duP{, gave COiT{'Sl)ondhl _ vnlues of /ca and T

nt Ao_:l}.l}l intervals for oxygen aml at A,-

t}.0{}5 intervals for the oxygen-in-argon mixture.

S('coud, {he {lUanlity d(+/rlt was plotted ag_d_,sl
A ns shown in tigu,,{, (;. Isothermals on this {)lol

shouhl I)e straighl lim,s whit'h radiate from tilt'

origin and hnve a slope whicl, is equal to /c,_ at a

50 x 103

l}al'tieulnr lOlllp{w:lllll'{,. [11 {

'{'{l for a giv{m te]nl){'rature ,

sI}ondin g (o this tenu)eralut'{

lhe {.Xl}erimenl.ld_:',ll plots

f,'om the origin was _Ile(] tO

PRESENTATION OF

'l'{,{* e.'<I)eri,'u{,,,tal] 3" deter,,,

{lisso{.iatit}n rate constant ],',t

I a,.I 11 and are plotted i,1

Expet'i,netttal rnte COllStallls
I4, 15, and 17 are nlso showll

The k,e vM,ws in tM)le I

iuitialIm,'tsof lhe ,'eeords.

/c,_was (h,t{,,'mi,wd t)v what hal
behiml the shock fronl, Thes

I were tit{ell hy slr, ig'ht line

sqt]n,'es c,'ite,'ion of hest ill.
as folh)ws:

For tim oxygen data (3,800 ° (

log,,/_:n: 1. {;233 '>:: t (P

For t]w ,)x.vffou-iH-m'ff(}n {]:ll8

K,

45

40

30

T

g
,,, 25

20

15

Io

5

o

0 Points at equal

temperature

da
-- _- from

different tests

-- ..... Tsothermol line
(4,500 ° K )

"- I [
4 .8 1.2 1.6 2.0 2.4 2,8×1017

A, molecule/cm 3

I;I(;IRE (L I)el,'rmhialioll <}f lh{' {liss{miali(}t_-rnlc {.oii-

sl;llll for {)xyK{ql IIFilI_ the is{)th{,rmal-lim, ln{*thod. The

sh)p,, (ff {h,, Js,>t]l*,rln:l] Jim, fr,ml lhP DrJ_ill KJv,'< lJw

V:tIll{' tit ]/d ;it ;t ,_i",'Pli l¢'lllt)4'I':itlll'{'.

log>/e,: - l.t;:';16:'lip (

A,lolher stt'aighl line was

{¢'ll]])el'_l{lll'{! ,)xyget_-in-urgon
7,5on ° K),

]')/w/",: - --2.2471 ':( lip

These lira's arc d,ow,, in tigu,'

Figure 9 t)rest'tlts _',: valtw

sa,ilel)},otog,'nl}hsas the inil

instead of heit,g reslricted to
,,IPdi;_telv t}Pl}im{ (h,' sl]ock w

were (h.i{.,',,_i,,,.dnt ,,m,LVl)oi,

f,'(mt n,,d l)ro(luc{'{l a l,'ac,' hi,,
a(llre vn,-iati(),_of k,, for e.wh

'l'al)]el I lists lhe eXl}Cri,,m,,

{','o,,,l}w sh)p{.so{'isolhe,',,ml

()tiC' thai al>l>enrs it,ligur,'B.

t}lott{'<l in tigur(, 9 f()r <'{}ml)ar:

Th,' eXlle,'ime,,tal,'aledntt

(lill','r,'nlw_Iv it]figure IlL
c{mslnnls 16 were {h,rive, l fr,

I':lte ('¢lllstalllS ],',: J)3 tlSill('/ ('(I
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I0 "If IO-I I

10-12

IO_3

iO-14

I0 t55

--Troces from each lest

-- --- Equotior+ (13)

.... Iso(hermol line method

Co)
I I L , I I I I

I0 15 20 2.5 30 3.5 4,0 XlO -4

I OK-IT,
t I J [ I I I J

20,00010,O<30 6,667 5,000 4,000 3,333 2,858 2,500

T, °K

FmvR_: 9. Experinu,ntally delerminod value +, of the,

di_mmiat, ion-r:tt_, cc, n_t'ml. (!I]rv+,s fr,)m J_ollwrnmJ-

line method, h,a_t-_llu'u'*' lines, arm oxperimentMly

II,ot m'nfinod t rzt t!,+,_.

llw.v obsm'ved, in ngr+,on+ent with the prt,sont

work. th=tt the ]co+vulu<,s for at+ oxv_(,n-itl-ar+..con

mi×tuI'e above 7,50tl ° l( woro ]owt'r than wouhl bt,

cxl)o(q(,<l frot+t an extral)olali(m of ih(, (laln l,olow

thttL t(qnpt,rtttur(,. Tht+y tttttrilmto(l this to cou-

plin_ of the (li+soci+_timl him vil)rational l'(,J.+txttti()t+

l>roct,sst's at tt+tui)(,ratu]'(,_ +d)()vo 7,500 ° I(+ No

criti('ism is olr(,r(,<l her(, t)f the ('Oul)lin _ I)rOCt,ss
t h%- proposed. Imh,e(l, it, look+ '+>,"++phtusibh,.

llovccver, they [)<tint. out thKt, OtlCe vibration bus

r('tt('[lo_l t,quilil)riunl, the dissoeiatiot+ proc<,ss pro-

ceeds mwumllv. Thus, if vil)t'a(ion renehes equi-

]ih+'ittm in n titue ittterva] _tft(,+"the shock p_tss;tgt,

which i: equal io or less t}mn the resolution titre,

of the e(itiil)inont tlst,<l, thon +hero i+ tw, +'oason
to believe thut the nlmly_i: of the t'ecm'_[+ ohtMnc,_l

wtmhl In, affo<!tt,(], l;'igurr ll(al shows that.

und(,r th(' con([iti,,m_ l)r<'s('tl( it+ the eXl)et'itnetHs

reportotl hero, tho hthorato/'v vibr,tionnl t'd_l.x-

atitm lii_l(,s rv wt'ro t'qtml to or le,+,s thnn the

O<lUil)tttottt ro_,olutiou titue of al)proxim:+tolv 0.33

I++i('t'()_,O(!()ll(l f'()l' ((Hlll)ol'ti(lll'O_, O<lll;ll 1() ()I" _l'('+tt[(+l '

iO-i::'

0;,,.,_,

iO-13

10-14

---Traces from each tesl

...... Equation (15)

.... Tsolhermol line melhod

I l I I I I (b) I
tO'if'.5 1.0 1.5 2.0 2.5 30 35 4.0 x I0 -4

. =K-I

I l I l I I I I

z(_ooo_poo 6,6675/)oo 4,ooo 3,3332_58 2,50o
T,=K

(J)) lO-|)i,rcvnl ()_ in Ar.

l,'t(; t:l_t,: O. (_t)t,c[udt,d.

+O-311Z- 0 02 in Ar (ref 25) --02 in Ar

[3 02 (ref. 24) ........ 02

t+ 02 fief 26) ----- Br 2

.... Br 2 in Ar

_..____. ..... 12 in Ar
10-32 _ Ref. _-'-"_-_--- Theory

_'ef.X. _ Ref. 3
27._ _ '

_ "_ R f'14-----__"', Eq.(13)

_--.-----__ Eq. 14)

10-34_+ Ref. !_, _

10-35. I
O

I I l I l I 1 l I I

2,000 4,000 6,000 8,OO0 ,O,OOO

T, °K

FI,;VRI+; I(I. Thoorelical and CXl:,vrintottt:d rc(.()nd)itutli(+ti-

rat{, ('()lI_:ltttlts _t_ :t fllll(!IiotI of ((+ltl])i't'ILttll'l'. (_V]ll,ru

k,+ \'ahtv_ :it'(, _iven it+ flu, lite'r:ttur(,, flu, k_ ",+':dtto_ :tn,

ctd('ulzttI'd t13 u+in+z k_ k,/K:.)

'than 5,000 ° l(. ()ll the other httf+.], at re+riper.-

lures less t.httll 5,0()0 ° l( ihe (]is,'.+,ocJti+tiOl+ r+tte is

_<+ much slower titan the vibr+tl.ion adjtlstlnelll

l'al+' I]lttl '+,'t'l'3, [illh' disso('ia'lion ocettrr,.d dtlrin_

lhe tillms required to altair+ vibrMionM oqui-

lihritm_+ ('ouplitlg" of vibrution and diss,,)ci:_li<m
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10-3
\

\ r V for 0 2

\ ........ for in ArT v IO'percent 0Z

_, '_ \ ----- rip for 0 2 from eq.(13}

\\ \ .... r D for IO-percent 0 2 in Ar (eq (14)/

I0 4 ,,_ \ r D for tO percent 02 m Ar {eq 05))

! '\\\,
1 \\?-

i nO-6 -. ""N

3,000 4,000 5,000 6,000 7,000 8,000 9,000 I0,000

T, °K

(a) lIalftimesapl)rlfl)ri:m' for this report: Pl ().Shun tl_

for ()._ all(l 4 nllXt t[)_ for 10-])prcpllt ()._ ill Ar; T_ - 300 ° I(.

rv I)_.L:-;e,:l (m data of rpfertmt'l' |3; Tj'j }):_,'-;e'(/ ()n (lnl:_ _)f lhi:,

rt'l)ort..

FI(;UI).I,] I [. '[,:il)ol'a'tory l'(,Itix.l.li()ii ]lalf Iilll(,s its t.t flln(q ioll

()f tt,tnp(,rat ure+

10-3

\ - r V for 21.5- percent 0 2 in Ar

\

\ r V for I-percent 02 m Ar
', ----- r o for 21.5-percent O 2 in Ar

\ '_ ..... "rD for I-percent 0 9 in Ar
iO -4 \ \

' \\
\\

",,7_ I0 -6

o

10-7

_0-8 1 I 1 I I _ J

'3,000 4,000 5,000 6,000 7,000 8,000 9,000 IO,(300

T, *K

(b) Half tiun(,_,:q)l)r(,1)rial( , for r(,fi,r(,nc(, 13: lq 0.!)3 mm

}Ig for 21.5-|)('F('UllI ()2 in Ar nIid 20 lllIll fig for 1-])(,r(,(.nt

()') ill :\r; _l')l 2!).| c K. Tvtllld 7-]j |)as(,(l()n (l:tl:t(ffr('f('r-

pile(' 13.

}"l<;(_m,: I l. (_(mclmh,d.

shouhl ))o( b_)v(, afl'(wt('d the ].',_ values rtq)()r(rd
h(:l'O.

Figm'e It(It) shows the hd)ovatory vibr.tion
and <lissocia(io)) )'(.]axa(iotz times appropz'ia((, t()

the work r(,port(,d in refer('n('e 13. A tim(" reso-

lution of 0.l tnierosecontl corrt.spon(ling to th(,

r('l)or(('(l sli_ width of >_millit)..t(,r was used. ()t)
the l(._sis of the cm'v('s in lig'm't' l l(h), (!Oul)ling'

should not h.v(, Ml'(,ct(,(l (h(,h' rt,(:or(ls for l(,ml)(.ra-

(w,'es Kr('a(er tlm)) .bout ,q,()O0° l( for the l-per-

(!('tlt, l)liXllll'(' itll(t I'O1' I('IlI[)('F_),LAIF('S Kl't'al('l" lhaIl

nl)()ut I(),0()() ° K for lh(' 21.5-perc('nt mi×tur('.

Thu..; th(, ('fl'('e( of coupliriff ,,lay h.v(, b(,(,, obs(,cv-

al)h, (m sorer' of lh(,h' 21.5-ptrrct,nt r('ct)rds but

not on their l-p(,rc(,nt rt.cor(Is.
Th,' lut)oratory vit)catiomtl r(,l.xatit)n (im(.s r,.

used in th(' prt'I)arath)n of fi_ur(. II w('r(_ ol)tain(,(l

from the measur('(l r(,htxation tizn(,s r(,l)()c((,(l it)

l'(.f(,ren('(, 13. '/'hi' {al)ot'n(oz" 3" dissoci.(i()n r('lnxa-

tiott limes r]+ in li/ur(, l l(n) w(,c(, l)as(,(l Oll (.qua-

|ions (13), 141) and (15)nn(l i), Iigm'(, ll(i))the

rt_ vahles were based on l}le zzzeasllr('(l l'_llos

reported in referetm(, 13. In order to mnl,:e lh(,
(:al(mlat('d (]issociatit)t( l'('htxatio)( limes as short

us lmssibh,, the i.itial v_dtzes for IF)(, t(,t.peratut'('

and d(msibv rat,to l)(_l)it((l the shock fronC wer(,

_lSSl]]t|('d tlO l)( _' lnaintttine(I throughout lh(: I)roc('ss.

This is a conservaliv(: :tssumptiot), sine(, It,'

n('lmtl disso(!iati(m tim(,s v<(w(: long(,r. In the

(,as(, of the r('h(xnti(m li)ues in tigur(, l l(n) the

values of lh .tt(l 2; w('r(' (yl)ical of the values
llS('(l for lllOSL of (ho t,(.'s[s. The (mlcuhtl,('(l

vibration.l r(,htxnt,ion times shown i)t figure II (at

w(.r(, v(,rifh,d hv tu(,nsm'(,(l values o. the dis-

st)elation records when th(' times w('re long

enough t() I)(, ol)served.

Th(, n(,av ('(lualit, y of the (.fl'ectiv(' (lissocia(iot,

en('rgies for ()xyg(,n aml for the oxsg(,n-in>ar/()n
mixture wh(,n rill the (htt_t wm'e used takes on

a(hled sigt_ific.))(.(, wh(.n c()_nt)are(./ with tlhO |'(,-
suits r(,port(,d in r(q'(.r(,ne(, 27 on the dissociation

r_ttl, of br()tnitw, The (lisso(fiati(m en(,cgy for Lhe
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bromine molecuh, is 45.5 kcM/mole and the D_,z

valut,s <,nlculat(,d froJn slraigbl-lim, plots l]]rough

the data reported in reference 27 are as fo]h>ws:

I

P,r., ! 30.5 kc:d tnoh'

[+h'.: in At" f 32.2 kc:tl./tnoh'

This table shows that in t,'omim_ as well as in

oxyg(m the vahws of /),or are nttl(!}l slnMh,r thai/

the vahlt!S of Du.

The traces ill figlil'e 9 illustrate tile vltriation of

the exl)erimenial k,t vahtes with 1/_/ during lit(,
various runs. Theresulisoflhealtermtiemethod

for amflyzittg the data, lit(, isothermal line method,

are also shown in lifts tigui'o. The least-square

lines from tlgure 7 are duplicaled in figure 9 in

order to provide 't convenient comparison rof(,r-
ellee.

"Fhe isothermal-line results and the least-squares

lines follow the same general trends as the traces.

In this comwction it is sat is[viug to note th:tt, for

the isothermal line met, hod each k,t value represents

an average over many tests, t}ml for tlie traces

each Jl:_ value dOl)elldS on lo(ml (;o/Mittens behind

the shock front for a tmctictflar test, and that_ for
the le;tst square lim,s the ka vulttes ave derived front

the initial portions of the traces. The agt'cemcnt

between these widely ditI'erittg methods of analysis
indicates thai, the rates ]n(,asure(t at a distance far

fl'ont the shock front are essentially the same as
those measured near the st,)ok front, aud that the

results of averaging tmm.v traces are essentially the

same as the results from a single trace. Thus the
omission of any corrections for effects on the flow

caused by tit('+ use of a stmdl-dialneter shock tube

at, low pressure is shown to I)e justified.
Tit(, reeotubination rate constant, k_ is assumed

to be related to the dissoei_lim)-rale eonstnnl )_:,_

by the relMion (eq. (9))

whey(, IC_ is lhc equilibriutn c(mst,nt for tim dis-
see(at(on reaction. Since 1(,, is well-kttowtt ft'om

lhermodymmtic caletdali(ms, J{'_can l)e enleuhtled
front tm'asure(I vahl(,s of t:, l ()It lhe basis of this

assumption. The 1)1o1: of lhe /i:, values against, 7"

is +111 inttq'eslitlg vcny to coil/pat'(! ex[)el'inlentttl[ 3'

in(,asurt,d valu(,s of ka. '['he <]issocialion-rat, e

COllStallt ]C,t iS gcniwally b(qieve(I to huve the form

{ --D,,_
ka=f_(T) exp \-/)_, j and K_ is known to have the

form K_=f_(T) exp \-_![T ]" Thus k,=k,d/f_ has

st.rollg

tempel'atta'e (tep(m(hm(_e of ka due to the presence

-- D._of the factor exp , ffTT) is ean(!elle(1 out. so that

attenlion can 1)e cont:enlrato(l on the remaining

tetnl)erattlre del)entle[we.

Figure 10 compares the k_ vulues (lerive(I from

the ]ca values shown in tigure 7 uml in(.ludes some
tll(qlSilF(_d V+l|lleS of /_'r ltL FOOIII temperature lakell

from the literai ur(,. Some eUl'Ves of k, at high

lempt,raluro for bromine, I)romim, in ttrgon and

iotlim, in argon are also ineltMed. No corrections

tot' collision efficiency were applied in any of the
tt'arlsfortuatiotts. Sitlee the eft%it+notes of the vari-

ous atoms nn(I moh.euh's art, )tot well estal)lishe(I,

il, seetm,d best to coral)are Ih(, (lain in the original
fern(.

All of the data in figure 1() imlicate that /_'_

decreases with ltqllpel'+ltlll'e. This reslllt agrees

with the result of a theoretical tl'('Mlllelll origimdly

due to Wigner. ([See refs. 30 to ;32.[) The equation

used for t)lottiug Wigner's results as they apply to

oxygtm dissociation was taken from reference 3.

()he other curve in figure 10 was not ealcuhtte(l
dircelly from experimental wdues of k,_. It repre-

st,ms itn estimated (lepemhmee of k, on 7' and was
tak(m from refe1'elwe 23. This estimated om've

ttl)j[)(_'+ll'S to })e it l"ettsotmbh, eotnprolnise between

the various experimental results. |Iowevec, mOl'e

experitnetmtl data are nee(led. This is espeeitdly
true in the Lemperature regiott front room tom-

pel'aLtlFe to 4,0()() ° K. ttlld frOlll 7,000 ° K upward,

in which very few tttettstlt'Cnlellt+":, of Z'r or ka have

I)e(,n reported.

CONCLI,rSIONS

Fl"ollt the experill)(,ittal data tl)e following con-
ch£sJons can be (]t'awn.

1. The dissociation rate constaltl ,_:a for lnolec-

uhtr oxygen has b(,(,n me.stwe(l in pttl'e oxygen

over tit(, l(,tnl)eraitlre range 4,000 ° to 9,000 ° 1',[.

Th(, .,+alttos t)l)laine(I agree l'easotmbly well with

lhe exl)t, ritnenla[ values foutM in lhe literature.

The hight,st, l)reviously +'el)orletl results in the
literature were lit 7+()00 ° 1(,
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2. The dissociut ion rnte constmlt lc,_of molecuhu'

oxvKen., has }men nwasm'ed in u IniXlul'e of 10-

p{q'C('ll[, ox',,gOll in _ll'gOll ()v(q' l[l(_ I.(,lllp(,FatuFo

range 5,000 ° to 10,()00 ° K. The highest lWeViOUsly
report ed exl)orimcnlal values iu t he lil erat urc were

at 7,500 ° K. The /e,z values agree with lhose

obtained in pure oxygen when tt cmTectiott is

applied for the low eflh'h, ncy t'aehw of argon Itt.OlllS

relative to oxygen moh,('ules in producing mole(--

uhtr oxyg'en dissociation.
3. The m(,asm'od wthws of ],',t in pure oxygen

are about live times larger than those fi)r lhe

lttix(lll'('. These wducs correspond to un efti-

ciency f_wt(.' of ,)tw-tfinl]_ for az_ at'gott ntom as

comi)ar(,<l with an oxygeu molecule.

4. The l(,tni)eraturc (]('[)(,n<h,n(:(' (](q'ivo(/ [)v

tltting straight li,ws to lhe t,wo lypes of m(,asuz'ed

data is v(,cy n<,arly the same h)t' both, ImC this

l(,ml)eralatre dependence is considewtl)ly weaker
than those given in (he literatt,re ;tt somew/m(

lower tcmp(,cutures. By titting a straight tint', to

th(, oxyg(qt-in-argon dtl.ta ovor lhe low-temptwat ur(,

range, agt'(,(mwnt is ot)tained with th(, literature

data. Al)p;m'tltly, sotlte uwcllallisnl caused the

tt>mpet'ature dt, l)('mlence of ,{:,l in the oxygen-it>
at'g()lI mixture to d(,crcase al high temperature.

The tmralM (,tt'e('t in l)Ut'e oxygen was not evident

t'rolll tile ol)s('t'ved values of /ca, t)ut tim ttgl't,(,l|lelll

of l he temperntuz'c dcpemhmee between the two

sets of data points It) tht, possibility of its 1)vesenee.
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